Objectives-Pelvic organ prolapse is very common among women in Nepal, especially uterine prolapse. This would suggest a high rate of levator trauma, which is a strong predictor of such prolapse in the Western world. Hence, we decided to study the prevalence of maternal birth trauma in Nepali women.
M
ajor maternal birth trauma generally manifests in the form of levator trauma (avulsion) and obstetric anal sphincter injury (OASI) and affects 15% to 40% of women with vaginal deliveries. 1 While anal sphincter trauma is a major etiologic factor for anal incontinence 1, 2 , avulsion is strongly implicated in pelvic organ prolapse, especially of bladder and uterus, 3 and is one of the main risk factors for prolapse recurrence. 4 The levator ani muscle plays a major role in maintaining pelvic organ support and function, forming the caudal component of the abdominal envelope. The largest gap in this envelope and the largest potential hernia portal in the human body, the levator hiatus is formed by the puborectalis component of the levator ani muscle and the symphysis pubis. Pelvic organ prolapse (POP) occurs through this portal and is the downward descent of pelvic organs, that is, bladder, uterus or posthysterectomy vaginal cuff, small bowel, and/or rectal ampulla, through the levator hiatus.
Pelvic organ prolapse is highly prevalent in Nepali women [5] [6] [7] [8] and has been shown to have a drastic negative impact on their quality of life. 7, [9] [10] [11] However, to date there is no information on functional pelvic floor anatomy in Nepali women and no data on the prevalence of maternal birth trauma such as avulsion. We considered such a study a high priority because of the clear link between levator trauma (avulsion) and POP in Western populations. 1, 12, 13 Levator avulsion can be detected on vaginal palpation and by 4-dimensional translabial ultrasound (4D TLUS). Studies have shown both these methods to be diagnostic for levator avulsion/trauma. 1, 14, 19 While anal sphincter trauma is difficult to palpate, 15 it can now be imaged reliably with the same technology used for tomographic imaging of the levator ani, reducing logistic effort and cost and minimizing inconvenience for study participants. 16 This study was performed to determine the prevalence of maternal birth trauma in a general Nepali population.
Materials and Methods
In November 2016, women attending the outpatient gynecology clinic at Kathmandu Model Hospital were offered participation in a study on functional pelvic floor anatomy. Nepali women are particularly interesting, as limited published evidence suggests unusually high rates of POP in this population. Findings regarding pelvic organ support have been presented elsewhere. 17 All women attending the Gynecology Outpatients clinic were invited to participate and were included in the study provided they were 18 years old or older and nonpregnant. Women were excluded if they were unable to follow instructions or if completion of questionnaires was not possible. A local Nepali intern assisted in explaining the procedure, obtaining written consent, collecting data through the questionnaire, and providing translation services. The physician-administered questionnaires were in English and Nepali and covered participants' general background and other demographic data, chief complaints, medical history, obstetric and gynecologic history, menopausal status, smoking and drinking, work background, lower urinary tract symptoms, prolapse symptoms, symptoms of obstructed defecation, and St. Mark's score as a measure of anal incontinence. We also included a visual analog scale (VAS) bother score for stress urinary incontinence, urge urinary incontinence, anal incontinence and prolapse symptoms. Women who rated positive for a given symptom were asked to score the degree of "bother" on a scale from 0 (no bother) to 10 (maximum possible bother). The visual analog scale has been shown to be a simple, valid and repeatable method to assess subjective symptom bother. 18 The first author performed all pelvic and 4D TLUS examinations on all patients while being blinded to other clinical or questionnaire data. All participants were asked to empty their bladder prior to being examined, and all examinations were performed in the dorsal lithotomy position. The vaginal examination included assessment of the pelvic floor muscle on contraction, for avulsion and Oxford scoring. 19 As per published criteria, a complete levator avulsion was diagnosed on each side if the puborectalis muscle was detached from its insertion on the inferior pubic ramus, resulting in no contractile tissue being palpable on the inferior pubic ramus. 19 Partial avulsion on digital palpation was recognized as thinning of the muscle or defects in certain areas of the muscle with a part of the muscle still attached to the inferior pubic ramus. 19 Pelvic floor muscle strength was assessed by modified Oxford scoring. 20 After assessing the pelvic floor, a pelvic organ prolapse quantification (POP-Q) exam was performed by the first author on maximum Valsalva sustained for 6 to 8 seconds. As per previously published criteria, significant prolapse was defined as POP-Q stage 2 or higher for the anterior and posterior compartment and stage 1 or higher for the central compartment. 21 Following this, all participants underwent a 4D TLUS examination, which was performed using a GE Voluson-i System (GE Medical Systems, Zipf, Austria), with 8-4MHz curved array volume transducer. Volumes were acquired in the midsagittal plane at rest, on maximum pelvic floor muscle contraction and Valsalva maneuver at an acquisition angle set to the system maximum of 85 8, as previously described. 1, 22 At least 2 volumes on maximum Valsalva maneuver and pelvic floor muscle contraction were acquired with 2 additional sphincter volumes obtained in the coronal plane with an aperture of 60 8 and an acquisition angle of 70 8.
1,16,23
Analysis of pelvic organ descent, hiatal area, levator ani muscle and external anal sphincter (EAS) integrity was performed at a later date by the first author using proprietary software, blinded against all other data. Significant prolapse on sonography was defined as previously published. 24 Levator avulsion was assessed on tomographic ultrasound imagining in a volume obtained at maximum pelvic floor muscle contraction at 2.5-mm slice intervals, from 5 mm below to 12.5 mm above the plane of minimal hiatal dimensions. 25 Complete avulsion was diagnosed if all 3 central slices were found to be abnormal on the affected side ( Figure 1A ). Partial avulsion was diagnosed if any of the 6 tomographic slices were abnormal on any side. In doubtful cases, the levatorurethral gap was measured to complete diagnosis. 26 A gap of more than 2.5 mm was deemed abnormal. 26 Defects of the EAS on 4D TLUS were determined on tomographic imaging in the coronal plane, using volumes acquired on maximum pelvic floor muscle contraction, with the most cranial slide placed above the cranial termination of the EAS and the most caudal slice placed below the distal end of the internal anal sphincter, that is, at the level of the subcutaneous EAS 16, 23 ( Figure 1B) . A significant EAS defect was diagnosed if 4 of 6 central slices showed a defect of >30 8 ( Figure 1B) , adapted from Roos's definition using endoanal sonography. 27 Partial (minor) EAS trauma was deemed present if any of the 6 slices showed any degree of defect.
Statistical analysis was performed using SPSS 20 (SPSS, Chicago, IL). Categorical data were expressed as n (%). Fisher's exact test was used to compare "any levator trauma" to "no levator trauma" in women with significant prolapse and those without, and to analyze associations between symptoms and findings of prolapse on clinical examination and sonography. For demographics and delivery data, see Table 1 . [5] [6] [7] [8] [9] [10] [11] [12] . Expressed in POP-Q stages, 18 (15%) had stage 1, 64 (52%) had stage 2, and 10 (8%) had stage 3 or greater prolapse. Of the 74 women who had significant prolapse (stage II or higher) on POP-Q, 13 (18%) were diagnosed with a partial avulsion on digital palpation and 11 (15%) on TLUS in comparison to 1 (2%) and 2 (4%) in women who had stage I or stage II prolapse (see Table 2 ).
Evaluation of 4D TLUS volume data sets by postprocessing on a computer for evaluation of pelvic organ descent on maximum Valsalva was possible in 120 women. Twenty-five patients (21%) had a significant cystocele, 45 (38%) significant uterine prolapse, 10 (8%) significant posterior compartment prolapse, and 54 (45%) any significant prolapse. Of the 54 women who had any significant prolapse on TLUS, 11 (20%) were diagnosed with a partial avulsion on digital palpation and 9 (17%) on TLUS in comparison to 3 (5%) and 4 (6%) in women who had stage I or stage II prolapse (see 
Turel et al-Unexpectedly Low Rate of Maternal Birth Trauma in Nepali Women
J Ultrasound Med 2018; 00:00-00 Table 2 ). The diagnosis of avulsion/partial avulsion on palpation was significantly associated with prolapse, both on POP-Q as well as on sonography (P 5 .004, P 5 .03, and P 5 .005; P 5 .03 on the Fisher's exact test).
Symptoms of prolapse (n 5 24) were associated with significant cystocele on POP-Q, significant cystocele, uterine descent, and any significant prolapse on 4D TLUS (P 5 .038, .001, .047, and .028, respectively). Symptoms of obstructed defecation were not associated with clinical or sonographic measures of pelvic organ descent.
Evaluation of 4D TLUS volume data sets by postprocessing on a computer for evaluation of levator avulsion and EAS defects on maximum contraction was possible in 124 women. Of the 107 women who had given birth vaginally, one (1%) was diagnosed with complete avulsion on the right side (see Figure 1A ) and in one (1%) we found a complete left-sided avulsion. Therefore, 2 (2%) women were diagnosed with complete unilateral avulsion. Partial avulsions were found in 13 (12%).
Of the 107 women who had given birth vaginally and in whom postprocessing of the 4D TLUS sphincter volumes was possible, a significant EAS defect was diagnosed in 2 women (2%) (see Figure 1B) . Partial (minor) EAS trauma was detected in 14 (13%).
Discussion
In summary, our study found an unexpectedly low prevalence of maternal birth trauma in Nepali women. Tomographic assessment of the levator and anal sphincter found only 2 (2%) women with avulsion, and 2 (2%) with significant EAS trauma. While this is not a large study and subject to several forms of bias, to our knowledge this is the lowest recorded prevalence in the literature using this methodology for both levator avulsion and significant EAS trauma. This is intriguing, especially given the high prevalence of POP in Nepali The Fisher exact test was used for a comparison of complete/partial avulsion versus intact pelvic floor in women with and without prolapse.
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women. In Western populations, levator trauma (avulsion) caused during childbirth has been shown to be the main risk factor of POP, 1,12,13 but this factor clearly does not play a major role in Nepali women.
Major permanent maternal birth trauma in the form of levator avulsion and OASI affects 15% to 40% of women who had a vaginal delivery. 1 In Western populations, levator avulsion is known to occur in between 6% and 40% of women after their first vaginal delivery. A study on 844 women done in 2014 found levator avulsion in 13% of women who delivered by normal vaginal delivery and 44% women who had a forceps delivery with mean follow-up interval of 4.6 months. 28 Another study from 2015 with a mean follow-up interval of 20 years, which included 606 women, similarly found 13% women who delivered by normal vaginal delivery and 41% who delivered by forceps had levator avulsion. 29 Similarly, prevalence of residual anal sphincter defects on imaging in women after the first vaginal delivery ranges between 10% and 25%. 16 OASI has been shown to be the primary etiologic factor for anal incontinence 1, 2 and is thought to be commonly misdiagnosed/ underdiagnosed, especially in developing countries. To date, there is 1 multicountry study that investigated the prevalence and risk factors of clinically diagnosed OASIs in developing countries using cross-sectional data from the WHO Global Survey on Maternal and Perinatal Health. The study, after accounting for bias and outliers, found China (0.1%), Cambodia (0.1%), and India (0.1%) to have the lowest rate of OASIs, and those with the highest prevalence were the Philippines (15.0%), Algeria (7.2%), and Niger (2.8%), with Nepal (0.5%) inclining more toward the lower rate. 30 What are the potential explanations for the unexpectedly low rate of maternal birth trauma detected in our study? The most consistently reported risk factors for anal sphincter tears in the Western world are instrumental delivery, high infant birth weight, nulliparity, and higher age at first birth. 31, 32 The same factors feature large in studies of risk factors for levator avulsion. 22, 33, 34 It is apparent that the women seen by us score low on all of those risk factors: There were no instrumental births, and babies were relatively small (although this may be spurious given the small size of many Nepali women). We hypothesize that low age at first birth may be the most important factor in explaining the low prevalence of trauma in this population.
Another fundamental difference between Nepali women and most Western populations was a relatively high age at menarche of 15.3 years (range, [13] [14] [15] [16] , with the mean interval between menarche and first childbirth being 6.48 years (range, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The interval between menarche and a first birth in Western populations has been rising substantially over the past 2 generations, as age at menarche has fallen [35] [36] [37] [38] and age at first birth has increased in almost linear fashion in the developed world since the advent of simple, reliable contraception in the 1960s. 39 In contemporary Australian populations, this interval is now about 20 years.
We hypothesize that the unexpectedly low rate of maternal trauma in Nepali women may be due to a short interval between menarche and first vaginal birth. This may be the result of hormonal factors optimizing tissue biomechanical properties, which would constitute a plausible biological pathway for such a relationship. The hypothesis needs to be tested by further studies in the future, preferably in different ethnicities and populations, to control, as far as possible, for multiple likely confounders, such as individual and population genetics, nutritional status, lifestyle, and other environmental factors that influence reproductive behavior in humans. We would like to encourage other researchers in this field to obtain not just age at first birth as a well-established risk factor for trauma, but also age at menarche, in order to allow testing of this hypothesis.
To our knowledge, this is the first study to provide a comprehensive assessment of pelvic organ support and pelvic floor functional anatomy in Nepali women. Imaging was performed using a standardized, highly repeatable method, with postprocessing analysis allowing comprehensive blinding against all clinical data. However, there are a number of limitations that have to be mentioned. Our study was performed in a gynecology clinic in an urban hospital in Kathmandu, which implies potential selection bias. Findings may not be representative of the general population. Second, it is conceivable that direct questioning about symptoms by a Nepali male intern may have impacted our ability to ascertain symptoms and history due to embarrassment. In addition, due to the nature of health care in Nepal, information on obstetric history was limited in that detailed birth records were generally unavailable. Finally, direct comparisons with data obtained in Western populations is inherently difficult due to multiple potential confounders.
